Introduction
Diurnal variations of plasmaspheric flows on field lines whose conjugate points are displaced in latitude and longitude have previously been modelled using codes which make some low speed assumption. For example, Richards They found that the conjugate ionospheres were directly coupled for the L=1.5 flux tube but only indirectly coupled on the L=3 flux tube. More recently, Rasmussen et al. [1989] modelled such flows using a three-dimensional, timedependent hydrodynamic model for which diffusive equilibrium is assumed in the lower ionosphere, but which retains the full continuity and momentum equations above 500 km altitude; however, the lower ionosphere is not selfconsistently coupled to the plasmasphere in this model. They found that the tik of the Earth's magnetic dipole causes annual variations in plasmaspheric density and may explain the annual variations observed by Park et al. [1978] .
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The purpose of this paper is to report results found modelling flows on a tilted plasmaspheric flux tube using a fully interhemispheric model which does not assume diffusive equilibrium. The model is time-dependent, one-stream and hydrodynamic; it is an adaptation, for closed dipolar field lines, of a polar wind model developed by Gombosi et al. [1985] . This model takes into account the effects of ionization, charge exchange, recombination, collisions, heat conduction, and allows for external heat sources. The model includes heating of electrons due to photoelectrons. The boundaries of the model flux tube are at 200 km altitude. For the study a rotating L = 2 flux tube was used with the northern end at (37.7 ø N, 121.6 ø W) and the southern end at (48.9 ø S, 140.8 ø W). This work was done for June solstice in 1986 (solar minimum), with the result that the southern end was in darkness longer than the northern end. The flux tube was allowed to rotate for several days in order to obtain diurnally reproducible results.
Model
The model includes the time-dependent coupled continuity, momentum, and energy equations for O + and H + ions and the energy equation for electrons. As a result of the strong geomagnetic field only motions along magnetic field lines are important; field line curvature effects are neglected. Quasineutrality is assumed and no field-aligned electric currents are allowed. With these constraints one-dimensional forms of the governing equations can be derived; these were presented in an earlier paper [Guiter and Gombosi, 1990 ]. 
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In these equations the summations run over all species; vst is the momentum transfer collision frequency of species s with species t, k is Boltzmann's constant, n is number density, m is the particle mass, T is temperature, u refers to the bulk flow velocity, hM/•St is the momentum exchange rate and •E/St is the energy exchange rate. The velocity-dependent correction factors [of. Tanenbaum, 1967; Burgers, 1969; Schunk, 1977] have been approximated by one. These have been calculated for the cases when there were large downward H + velocities; those for collisions with neutral species differ from unity by at most two percent, whereas those for collisions with O + ions are less than unity by an amount of 3 to 5 percent. The neutral atmosphere model used was MSIS-86 [Hedin, 1987] this is much more transient than that obtained by Richards and Tort [1986] , due to the flux penubation which travels from the northern to southern hemispheres. In general, the diurnal variation of the upward H + flux at 3000 km altitude resembles that of Richards and Tort [1986] ; important differences include the transients following sunrise and sunset, the strong downflows at local and conjugate sunset, and the downflows in the northern hemisphere during the night. In addition, the diurnal variation of the O + flux at 1000 lan altitude roughly agrees with that of Bailey et al. [1987] for solar minimum at L = 1.5; at 500 Inn them is resemblance only in the evening. Our interhemispheric H + flux changes sign, whereas that of Bailey et al. [ 1987] is always from north to south.
The photoelectron heating rates used in the model were calculated under the assumption that the downward photoelectron flux at 800 km altitude is roughly 70% of the upward photoelectron flux at that altitude. While this is appropriate during the day it is probably not at sunrise, which means that the photoelectron heating profiles could be too .high then. However, the plasmaspheric heating would still •ncrease at sunrise and so the positive feedback effect leading to the large H + velocities could still occur.
